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Response of Air-Filled lon Chambers to High-Intensity Radiation Pulses

Michae! Plum and David Brown
Los Alamos National Laboratory

Abstract

Ton chambers are one of the most popular types of
detectors used for beam loss-monitor systems.  To provide a
foundation  for the  development  of  future  loss-monitor
systems, and to fully characterize the ion chambers in use at
LAMPE, we have studied the response of air-filled eylindrical
ion  chambers w0 high-intensity,  short-duration  radiation
pulses. The most intense pulses were about T8O rad in 250 ns
(the equivalent steady-state dose rate wis about 700 Mrad/h),
We filled our chambers with nitrogen gas at 760 Torr and air
at 000 Torr,  The ion chambers were driven into extreme
nonlinear response. We hope these data will b used 1o
design loss-inonitor systems based on air-filled ion chambers,
thus eliminating the need tor gas-flow systems and/or air-
tipht ion chimbars,

L INTRODUCTION

Mast loss monitor detectors it the Tos  Alamos
Proton Storape Ring (PSR) taeility are ion chambers filled
with nitropen pas al 1 std. atm, The idea behind ihas
camhimation of pas and cressure is, b the jon chamber leaks,
and the pas s exchanped for e at local pressure (about RO
of T ad atme), the sensitivity of the ion chamber will decrease
by about 2000 This 209 change is small enouph that the
salety of the system will not be seronsdy compromised, yet
Lipe cnouph that we can detect it with a radioad ive souree
check,

The man advanupe of usimy 1on chambers Dlled
with i at local pressue s that one would not have to wony
abont leaks o pas handling systems. The disadvantapes ae

1y e response becones nonhimear .t simaller tidiation
pulses,

D toconnol the sensitivity o the son chamber, one may
vany the volume of the pas, but not the pressne,

bUothe senanvaty ol the on chamber oy chanpe an
propottion to local bimometne Changes,

D posabl s andesirahic due (o

cllects Woller

We have nol yvet

AU
nueratiy aato the wn chamber pae
stidied these eltedr,

At the Los  Alamos  Meson  Physics  Faciiuty
(LLAMPLE), the function of the PSR is ta compress the proton
beam from the 800-MeV linear aceelerator. A typical pulse
of about 60K pis is compressed (o just 250 ns. The PSR s
therefore an ideal source for short, intense pulses of radiation
On the other hand, monitoring beam losses (rom such a beam
is i challenging task Tor some types of detectors, for example,
those based on photomultiplier tubes,

1. EXPERIMENTAL SETUP

To determine  the suitability ol aig-filled  on
chambers tor use at TAMPE, we conducted two sets ol
measurements — one in the Fall ot 1991, and one in the Fall
of 1992, For the first data set, we steered the PSR beam o
the side of the beam pipe. Two ion chambers, one « the
usual type tilled with nitropen gas v Ustde atmy, ana one
filled with air at local pressure, were placed about I'm
transversely from the beam pipe. For the second data set,
beam wis directed onto a beim plupg in the PSR extriction
Iine, and the jon chambers were placed direetly alonpsacde the
plug. We chose this scenano beeause it is the worst case test
avanlable at the PSR (ot including acwally diecting the
beam through the jon cliambern). The ocation of the beam
plup s such that it canimtereept either beam from the linae o
beam from the PSR This paves us some texibility on the
lenpth of the beiun pulse, and theretore on the duration ol the
radiation pulse. Foroour 1990 qesis the Timae beam pulse
lenpth was set 1o RIK jis,

As shown i Figo 1Tthe active voliume ol owr won
The
auter diameter of the center clectiode as T SY cm, the inne
diameter of the Y shell s 01 e and the active volome s
about 180 cm ' When filled wath titropen pas at T std ann
the sensttivity s S, and when fldled swith o Tocal
pressure (600 Tor) the sensitaty s B nChad The data
shosen are tor VRV and RV apphied ton the onter oy lindes

chambers is contuned between two concentnie «yvhinders

We e nepatinve voltapes becanne we have empineally found
that nepative solbapes gesult e a more Timear son chamber
tespanse The center electiodes of the on cliambers were
conned ted o 0000 ple ntepratimg capactons, tollowed Iy g

dogatizmy scope withoa D MO mpa impedanee



. DATA

As shownoan Taole T the 1992 data set, with beam
ditected onto o beatn plug, offered considecably more intense
radiation pulses,  In Figs Y and 3 we plot the son-chamber
output divided by the mtensity of the ridhiation pulse (nd/rad,
or sensitivity). Such a plot should give a straight horrzontal
line when the jon chamber s operating i its Tinear region.
The plor should then deseend towards  zero as the on
chamber begins 1o operate i is nonhmear repwon. Tfrom the
Ligures we see that the jon chambers were clearly driven into
the nonlinear response region

As expected, the ploes show that at lnpher voliages
the 1wen chamber response remains hinear up (0 hieher
mtensity radaion pulses, and that the sensitiviy of ar at
lowal pressure is about 2007 lower than nittogen at 1 sid. atm
The Latter is due to the 760 vs. 600 Ton pressure ditference.
We also see that the response of the aie filled jon chiambe
nonhincar —at - lower ilensity than  the
mitropen flled ion chamber This could be due o the Lrpe
clectronepativity of oavpen. Neutral ovyypen stonms tend 1o

beconies pulses

At clecuons o toran negatne tons, which conpome winh

ihe peativ ¢ wns o eduee the won charber outpua

v CONCLUSION

We hinve measuted the response ol - tidled and

nitrosren-filled ion chamoers 1 high intensity radiation
pulses. The mostintense pulses drove the ion chambers well
mto the donlinear region. We lound that, compired to the
nitopen lilled jon chamber, the response of the wir-illed won
clhimber becemes nonlinear wt lower intensity - radiation
pulses.  Although the jon chamber responses were hiphly
noolinear for high-intensiey: radiation pulses, they did - ool
cadnbit any other fadure modes We hope onr data van e
ased 10 devetop other loss monttor systems thi are simpler
and mote reliable through the use of ar at locai pressure as
I oair can provide
sulficient sensitivity, and il nonlimear response for hagh
tensity pulses is nota problem, then the advantages of air

Illed 1on chimbers should be considered.

apposed 1o pure gas under pressure,

Table 1o Intensity and duration of radiation pulses incident on the jon chimbers,
Dhita set Intensty of adistion pulse Duration
1991 0.0 0.0 3 rad 2580 ns
199D 1O 10 160 rad S0 s
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P 20 250 s beam prdses. Data trom the 1991 and 1992 tests The ain filledon chanmber
bepiis o become nonhinear at about 0.2 rad, and the mitrogen tilled ion chamber begins o
become nonhinc at about 0.5 rd. The difference insensitivity at low radiation pulses is due
10 the ditference in pas pressure

800 microsecond beam pulse
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